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A Miniaturized Yagi-Uda-Oriented Double-Ring
Antenna With Circular Polarization
and Directional Pattern
Yan Li, Student Member, IEEE, Sheng Sun, Senior Member, IEEE, and Feng Yang, Member, IEEE
Abstract—A compact circular polarized (CP) double-ring an-
tenna with directional pattern is proposed based on the Yagi-Uda
concept. After integrating a local-grounded coupler inside the
square ring, a circular polarized wave can be effectively radiated
by exciting two orthogonally linearly polarized fundamental
modes of the ring resonator, leading to a smaller size than using
other high-order modes of the ring. Since the side length of
miniaturized patch hybrid coupler is much smaller than the
quarter-wavelength ( ), the whole coupler plus feeders can be
fully embedded inside the ring radiator. To obtain a directional ra-
diation pattern, the second meandered ring is then mounted under
the square ring, which can be considered as an inductive Yagi-Uda
reflector. Since the physical area of the reflector is almost the same
with the square-ring radiator, the total size of the antenna is only
about , which can be a good candidate of
the antennas for handled mobile terminals. Finally, a prototype of
the proposed antenna is designed and fabricated. The measured
results show a good agreement with the simulated results.
Index Terms—Circular polarization, patch hybrid coupler, ring
radiator, ring reflector, Yagi-Uda.
I. INTRODUCTION
W ITH the rapid growth of the application for radio fre-quency identification (RFID), the design of the handled
mobile terminals becomes ever more important. As a key com-
ponent, a highly integrated antenna with miniaturized size and
circular polarization (CP) is always preferable.
It is well known that if a square-ring antenna operates at
its fundamental mode, the side length of the radiator is only
about a quarter-wavelength [1], [2], which is only a half of the
conventional patch radiator and much shorter than those with
high-order resonant modes. Hence, it would be a good candi-
date for the CP antennas of the handled mobile terminals. Gen-
erally, there are two approaches to realize the CP for a ring
antenna [3]. The first approach is to introduce a perturbation
Manuscript received April 21, 2013; revised June 30, 2013; accepted July
15, 2013. Date of publication July 23, 2013; date of current version August 09,
2013. This work was supported in part by the Fundamental Research Funds
for the Central Universities, the Innovation Research Funds of Academy of
Space Information System, the Natural Science Foundation of China under
Grants 11176007 and 61001029, the Research Grants Council of Hong Kong
under Grant GRF 716112, and Seed Funding under Grants 201111159201 and
201109160010.
Y. Li and F. Yang are with the Department of Microwave Engineering, Uni-
versity of Electronic Science and Technology of China, Chengdu 610054, China
(e-mail:liyaanem@gmail.com; yangf@uestc.edu.cn).
S. Sun is with the Department of Electrical and Electronic Engineering, The
University of Hong Kong, Hong Kong (e-mail: sunsheng@ieee.org).
Color versions of one or more of the figures in this letter are available online
at http://ieeexplore.ieee.org.
Digital Object Identifier 10.1109/LAWP.2013.2274491
Fig. 1. Three-dimensional (3-D) configuration of the proposed antenna with
double-ring structures. FR4 substrate with a dielectric constant ( ) of 4.2 and
substrate thickness of 1.6 mm.
element along the ring to excite two orthogonal linearly po-
larized modes [4]–[6]. However, the resultant axial-ratio (AR)
bandwidth is only about 30% of impedance bandwidth, and the
amplitude balance with 90 phase difference can only be sat-
isfied at the center frequency [7]. Another approach is to feed
the ring with an external hybrid coupler, which can produce the
same amplitudes and 90 phase difference at two orthogonal
ports [8]–[10]. Since the amplitude and phase difference can
be guaranteed by the external hybrid, this orthogonal feeding
method can obtain wider AR bandwidth. However, the whole
size of the CP antenna will be increased because of the size
of the extra feeding network and externally connected hybrid
coupler.
To make the antenna more compact, several methods were
proposed based on high-permittivity substrate, capacitive
loading, meandered line patch [11], as well as the folded patch
antenna [12], [13]. However, the antenna gain will be reduced
if the size of the ground plane becomes finite, leading to an
increased backside radiation. Hence, how to reduce the size
without affecting the antenna gain still remains challenging.
In this letter, a CP double-ring antenna is proposed based on
the concept of Yagi-Uda antenna, as shown in Fig. 1. First, the
primary radiator is formed by a square ring on the top layer,
which is fed by an embedded patch hybrid coupler with a local
ground plane. Hence, the two orthogonally fundamental modes
of the ring can be excited simultaneously. Because of the in-
ductive loading of the meandered cross slots along a patch, the
resultant area of the embedded patch hybrid coupler becomes
1536-1225 © 2013 IEEE
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Fig. 2. Dimensions of the antenna with matching network. (a) Ring antenna on
top layer. (b) Reflector at the bottom. (c) Cross section of the proposed antenna.
Dimensions: mm, mm, mm, mm, mm,
mm, mm, mm, mm, mm,
mm.
much smaller than the internal regime of the top-ring antenna,
leading to a compact integrated scheme [14], [15]. In order to
reduce the backside radiation and obtain a directional radiation
pattern, another meandered ring resonator is further mounted
under the primary radiator with a certain distance. This config-
uration can also be considered as an inductive reflector based on
the concept of Yagi-Uda antenna. Therefore, the total size of the
proposed antenna with the directional radiation pattern is only
about . Finally, the proposed antenna is de-
signed and fabricated on FR4 substrates. The measured results
have good agreement with those obtained from the simulation,
which also exhibit wide impedance and AR bandwidths, as well
as a comparable gain as the original patch antenna.
II. DESIGN OF DOUBLE-RING ANTENNAS
As shown in Fig. 2, the proposed antenna consists of a square
ring as a primary radiator and a meandered ring as a reflector, re-
spectively, separated with a certain distance ( ). The square-ring
antenna is first formulated on the top printed circuit board (PCB)
substrate. To obtain an orthogonal feeding, a local-grounded
patch hybrid coupler is then embedded inside the ring. Since
the metallic ground plane is only placed under the coupler’s
region, the equivalent permittivity of the microstrip-type cou-
pler is larger than that for the ring, leading to a longer side
length of the ring in terms of guide-wavelength. In addition, due
to the inductive loading of the meandered cross slots, the size
of the patch hybrid coupler is further miniaturized [14]. Thus,
the whole feeding network for the CP antenna can be fully in-
tegrated inside the primary ring radiator on the same metallic
layer.
The resonant frequency of the rectangular ring can be esti-
mated by the formula [6]
(1)
where is the speed of light, and are two side lengths of
the ring antenna, is the equivalent permittivity of the sub-
strate, and is an integral. In this letter, the square-ring antenna
is designed to be operated at its fundamental mode ( ),
with , where is the guided wavelength.
As detailed in [16], the input impedance would be very high
if the ring antenna operates at its fundamental mode and very
weak current is produced at the feeding point. Hence, a parallel
coupled scheme is proposed here to feed the antenna. Since both
the capacitive and inductive couplings are involved with this
parallel coupled scheme, the impedance matching between the
radiator and the feeding network can be easily obtained.
To obtain the directional radiation pattern and reduce the size,
the ground plane was designed with finite width [15]. Gener-
ally, the side length of the ground plane should be larger than
in order to maintain the forward gain and keep the back-
side radiation relatively low. However, the resultant antenna is
still too big for the portable mobile devices. Therefore, the me-
andered ring reflector is proposed here to replace the ground
plane. Without increasing the horizontal area, the backside ra-
diation can be effectively minimized using such a double-ring
configuration, leading to a higher forward radiation gain.
The working principle of the proposed double-ring antenna
can be well explained by the current distribution on the pri-
mary ring radiator and the reflector. As shown in Fig. 2, the cur-
rent distributions on the top ring radiator and meandered ring
reflector are almost the same as a dipole antenna. For the top
ring radiator, the electrical length of the current path is about
, which acts as a driven element. For the meandered ring
reflector, the electrical length of the current path is longer than
, which acts like an inductive reflector. Hence, a Yagi-Uda-
like antenna is formed, and the directional radiation pattern can
be effectively obtained with such a double-ring configuration.
Since the size of the reflector is almost the same as the original
ring antenna, the total area of the proposed antenna is only about
horizontally.
As shown in Fig. 2(b), by tuning the lengths of , , ,
and , the induced current along the reflector becomes inductive,
thus leading to a summation of the contribution at the far field.
Therefore, the ratio of the forward and the backward radiation
can be easily adjusted by the distance between two rings, which
makes this antenna reconfigurable.
To further clarify the working principle of such a Yagi-Uda-
like antenna, the simulated current distributions along the top
ring and the meandered ring reflector are shown in Fig. 3. The
current distributions at the excitation phase of 0 (counted from
right-hand side feeding point) on the square-ring antenna and
meandered ring reflector are shown in Fig. 3(a) and (b), respec-
tively. When the excitation phase shifts to , as shown
in Fig. 3(c), the current on the meandered ring reflector has
the same distribution with that on the primary square-ring ra-
diator, which means that the phase of the current on the re-
flector lags the current on the ring antenna. By adjusting the
distance between the reflector and primary ring radiator, as well
as the length of the meandered ring reflector, a directional radi-
ation pattern can be effectively formed. The proposed antenna
is finally simulated in the commercial software HFSS with the
built-in iterative solver, and the obtained dimensions are listed
in the caption of Fig. 2.
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Fig. 3. Current distributions on the top ring radiator and meandered ring re-
flector. (a) For the top ring radiator with 0 phase excitation. (b) For the me-
andered ring reflector with 0 phase excitation. (c) For the ring reflector with
phase excitation.
Fig. 4. Photograph of the fabricated antenna with proposed double-ring struc-
ture. (a) Top view. (b) Cross view.
III. EXPERIMENTAL VERIFICATION
To verify our proposal, a prototype of the proposed antenna
is fabricated and measured. The photograph of the fabricated
antenna is shown in Fig. 4. The total size of the proposed an-
tenna is only about 80 80 20 mm ( ).
Fig. 5 shows simulated and measured magnitudes of the reflec-
tion coefficients, , for the proposed antenna. It is found that
the proposed antenna has relative wide impedance bandwidth
and covers the entire UHF band for RFID (860–960 MHz) with
dB. It means that the parallel coupled scheme pro-
vides wideband matching as a two-port network. However, the
radiation bandwidth is still narrow. This is because the energy
Fig. 5. Simulated and measured magnitudes of reflection coefficients of
the proposed antenna.
Fig. 6. Simulated magnitudes of and of the proposed antenna.
has been absorbed by the matching load outside the operating
frequency range (902–928 MHz), as shown in Fig. 6 with the
highlighted radiation region.
The simulated andmeasured radiation pattern of the proposed
antenna is shown in Fig. 7. It is found that the simulated gain is
about 5.05 dBi around the operating frequency, while the mea-
sured gain is about 4.75 dBi. As shown in the results, there is
a slight discrepancy between the simulated and measured ra-
diation patterns in the back lobe, which may be because the
Satimo Starlab D measurement system, which has no probes
under the antenna. Hence, the measured back lobe can only be
estimated with an approximate method. On the other hand, there
is a frequency shift between the simulated and measured gains
as shown in Fig. 8, which could be due to the unstable charac-
teristics of the FR4 substrate with high dielectric loss and in-
accuracy thickness of the air layer. Therefore, the proposed an-
tenna is resimulated with a refined permittivity of FR4 substrate
and remeasured distance between two substrate layers. Obvi-
ously, the revised results achieve better agreement. However,
the feeding cables were not considered in the simulation, which
there could also cause the discrepancy. In addition, the mea-
sured gain is larger than 4 dBi from 891 to 920 MHz, while the
simulated one is from 902 to 928 MHz.
Fig. 9 shows the simulated and measured axial ratio of the
proposed antenna. The measured axial ratio smaller than 3 dB
is from 902 to 928 MHz,, while the simulated one is from 908
to 928 MHz. It can be noticed that the axial ratio is still lower
than 3 dB outside the radiating frequency range or beyond
the 928 MHz, which is due to the aforementioned impedance
matching, as shown in Fig. 5. Similarly, the simulated AR with
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Fig. 7. Simulated and measured radiation pattern of the proposed antenna. (a)
. (b) .
Fig. 8. Simulated and measured gain of the proposed antenna (Original:
, mm. Revised: , mm).
refined parameters has better agreement with measured results
as shown in Fig. 9.
IV. CONCLUSION
In this letter, a miniaturized double-ring antenna has been
proposed with circular polarization. By installing the meander
ring as a reflector, a Yagi-Uda oriented antenna has been con-
structed with the directional radiation pattern. Meanwhile the
reflector has almost the same size as the primary ring radiator,
which made the whole proposed antenna very compact. In
addition, the proposed antenna has the features of easy design,
Fig. 9. Simulated and measured axial ratio of the proposed antenna (Original:
, mm. Revised: , mm).
easy fabrication, and low cost, which will make it a good
candidate for mass production.
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